While placement of a three-piece inflatable penile prosthesis (IPP) with a midline reservoir can be performed with favorable outcomes after radical prostatectomy (RP), postoperative fascial scarring can introduce surgical complexity, increase intra-operative complications and/or potential obstacles for future inguinal and/or perineal surgeries. We describe the implantation of the IPP with lateral reservoir placement through a separate incision to avoid surgical complications. We obtained clinical characteristics of all patients (1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)) who underwent RP before IPP placement with lateral reservoir placement (cases). For comparison, patients who underwent IPP placement with midline reservoir placement were also identified (controls). Thirty-one patients with a history of RP underwent IPP placement using the lateral placement technique without intra-operative or post-operative complications. There were no significant differences in the intra-operative complication rate among 31 control patients. However, at a median follow-up of 42 years, there was a significantly higher rate of post-operative complications in controls, likely reflecting the increased co-morbidities in this group. The results of this study suggest that threepiece IPP with lateral retroperitoneal reservoir implantation is associated with comparable longterm outcomes and can be performed safely in patients who have previously undergone RP.
Introduction
Despite improvements in nerve-sparing surgical techniques, ED following radical prostatectomy (RP) is a frequent complication, occurring at a rate quoted as high as 79.6% at 2 years. 1 At 24 months after RP, 75% of men report not having erections firm enough for intercourse, and nearly 65% report complete inability to achieve erections. 2 The reasons for this are multi-factorial, and include a loss of smooth muscle cells from the cavernous tissue. 3 Nearly 60% of men with ED after prostatectomy seek therapy for their condition. 4 First-line therapy includes phosphodiesterase inhibitors because of their efficacy, ease of use and favorable side effect profile. Second-line therapies usually include selfinjectable drugs, intraurethral alprostadil and vacuum devices. However, the post RP population typically suffers from end-stage disease, which is often unresponsive to these less invasive therapies. Inflatable penile prosthesis (IPP) placement is associated with satisfaction rates as high as B90%, with as many as 75% of men being both sexually active and sexually satisfied. 5 Since 1973, IPP have undergone a series of improvements resulting in excellent function and mechanical reliability. The quality of erections associated with penile implants has been deemed excellent by patients and 83% of their partners. 6 Despite mechanical improvements, surgical improvements aimed at ease of implantation with reduced morbidity continue to be sought.
Transverse scrotal implantation of three-piece IPP after RP has been previously described in 115 consecutive patients without injury to the bladder, vasculature or surrounding structures. 7 It has been suggested that the retropubic or prevesical space offers the best place for IPP reservoirs. However, fascial scarring after open radical retropubic prostatectomy (RRP), in addition to radiation to the pelvis with or without RRP, violation of prevesical space from robotic RP and renal transplantation obliterate this space and may require multiple piercing attempts to gain access to the space of Retzius. This poses injury risk to the bladder, iliac vessels and surrounding structures, and therefore may warrant alternative reservoir placement. In addition, future incontinence procedures such as placement of a bulbourethral sling 8 or artificial urinary sphincter may be more difficult due to concern of injury to a midline penile prosthesis reservoir. In fact, our group initially began implanting the prosthesis reservoir laterally into an extraperitoneal space to potentially avoid a future needle puncture into the IPP reservoir during male sling procedures for stress incontinence, where bolsters were placed beneath the bulbar urethra to form a sling. 8 The application of this technique may be expanded to patients with history of herniorrhaphy with mesh or to patients undergoing other artificial sling/artificial urinary sphincter procedures. However, the outcomes of this modified procedure have not been reported. Therefore, we reviewed our experience with the lateral retroperitoneal placement of a fluid-filled IPP reservoir through a separate incision in patients who have previously undergone retropubic RP to address the outcomes and potential safety concerns for this modified technique.
Materials and methods
Patients undergoing IPP placement for ED after either RP or radical cystoprostatectomy were identified using the Northwestern Memorial Hospital Electronic Data Warehouse. The baseline characteristics, intraoperative and follow-up data from all patients undergoing IPP placement with lateral reservoir placement (LRP; cases) from 1998 to 2009 were collected in an institutional review boardapproved database. Specifically, we analyzed patient age at initial prostate/bladder cancer treatment, age at IPP surgery, co-morbidities and American Urological Association Symptom Index. Careful attention was directed toward the identification of post-operative urinary tract infections pump malfunctions, and/or complications requiring prosthetic removal. As a comparison group we also collected data on patients undergoing IPP surgery with a midline reservoir placement with no previous abdominal or open or robotic-assisted radical prostate surgeries (controls). Continuous data for all patients was summarized using mean values and ranges, and nominal data for each group was summarized using frequencies and proportions.
In our study, the three-piece AMS 700CX implant (American Medical Systems, Minnetonka, MN, USA) was used in all cases based on surgeon preference and institutional availability. Our surgical technique complies with that previously described by Montague with the following alternative retropubic reservoir placement. 9 Briefly, a separate small incision is made just above the anterior superior iliac spine in either lower lateral quadrant. Dissection is carried through to Scarpa's fascia. The aponeurosis of the external oblique is incised parallel with the fibers of the muscle belly and then separated with the internal oblique and transversus muscles entering into the retroperitoneal space. A pocket is created in the potential space of the retroperitoneum where a 65 ml reservoir is placed. The reservoir is filled with 65 ml and then evaluated for back pressure. The fascial layers are then closed with interrupted 0 Vicryl sutures and the connector from the reservoir is tunneled into the penoscrotal wound. The pump is placed in a subdartos midline scrotal pouch. With the pump placed, it is then connected by Quick Connect (American Medical Systems) to the reservoir. The system is then cycled until cosmetic and functional results are reached. The tubing is then buried in 3 layers of 3-0 Vicryl. The lower quadrant incision is closed with 0-Vicryl fascia and a 3-0 Vicryl, Scarpa's with a 4-0 Maxon skin. Finally, the penoscrotal incision is closed in the usual fashion.
Results
The clinical, operative and follow-up information regarding patients undergoing IPP placement during a 10-year period is summarized in Table 1A , B. There were 29 cases that underwent LRP, which previously had undergone RP associated with severe ED. Four of these patients required adjuvant radiation and hormone ablation therapy, and an additional patient had adjuvant radiation monotherapy. Two patients had ED after undergoing a radical cystoprostatectomy for muscle invasive bladder cancer; one of these was a redo surgery and previously had a penile prosthesis that subsequently malfunctioned. Although significantly younger than the men in the case group, controls had a significantly greater frequency of medical co-morbidities including diabetes, spinal cord injury, chronic renal failure, Peyronie's and trauma (Table 1A) . There were no significant (P40.05) differences in the preoperative American Urological Association Symptom Index or QoL scores between cases and controls. All patients reported little or no response to medical therapies (for example, PDE-5 inhibitors) and subsequently had an AMS 700 implantable IPP with placement of a lateral reservoir (cases) or medial reservoir (control). The average length of the corporeal implant was 20 cm in both experimental and control groups (Table 1B) .
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All 62 IPP placements (cases and controls) were without intra-operative complications such as injury to the bladder, iliac vessels or surrounding structures (Table 1B) . The blood loss during IPP placement was minimal (mean 50 cc), and no patient undergoing IPP placement required an intra-or perioperative blood transfusion. The mean duration of surgery was 10.0 min longer in those patients undergoing lateral placement of the reservoir compared to the control group, though not statistically different (P40.05).
The median length of follow-up was significantly longer for cases (28 months; range 14-41) compared with controls (18 months; range 2-66). No postoperative complications, including infection or mechanical failure, occurred in any of the 31 patients with LRP (cases). However, there was a marginal increase in the rate of postoperative complications in the control group as three postoperative infections and one mechanical failure necessitating IPP removal were reported in the control group. Both American Urological Association Symptom Index and QoL scores did not significantly change after surgery and are comparable to those in the control group.
Discussion
Some surgeons will not offer a three-piece IPP to patients who have undergone retropubic surgery because of a perceived increase in intraoperative risk during reservoir placement into the retropubic space. Although retropubic placement of a threepiece IPP reservoir without complications has been previously described, the perceived intraoperative risk of damage to the bladder, iliac vessels or other surrounding structures is limited but likely increased in certain populations, such as those with previous radiation or violation of the prevesical space (that is, robot-assisted RP). The risk of surgical complications extends beyond RP patients and allows the application of the lateral reservoir placement approach in such populations including those with previous or planned male bulbourethral sling 8 procedures for postoperative urinary incontinence, renal transplantation and herniorraphy. Incidentally, the operative technique described in this paper was borne out of concern and awareness of previously placed male bulbourethral sling components. This concern has been reflected in other operative techniques combining both AUS and IPP placement in a single operative setting. A transverse scrotal approach has been described that allows simultaneous placement of a penile prosthesis and AUS through a single, upper transverse scrotal incision. 10 However, in this procedure proximal bulbar urethral placement is more difficult and no long-term results are available to demonstrate efficacy. Moreover, a history of heniorrhaphy introduces similar surgical complexity in utilizing traditional retropubic access for reservoir placement. The use of mesh increases surgical complexity in establishing appropriate anatomical access without compromising the existing repair by either damage to the abdominal wall, mesh or bowel itself. LRP of the reservoir avoids these potential risks and the limitations posed by retropubic placement.
We report our experience with 31 patients undergoing IPP placement through a penoscrotal incision with LRP of fluid reservoir after RP. Given postoperative fascial scarring and fibrosis, we found that placing the reservoir in the potential space of the lateral retroperitoneum reduces the opportunity Follow-up after surgery Median (months) 28 18 0.04
Outcomes of lateral reservoir placement of IPP after RP RJ Hartman Jr et al for potential damage to both the bladder and iliac vessels. At 2 years follow-up, all patients were without infection or mechanical malfunction. This case series demonstrates a decrease in post-operative complications in LRP patients as compared to traditional approach, though further extrapolation is limited given the medically complex nature of our control patients. In our experience, this technique can be used in all patients and without limitation in those with hernia repairs, cystectomy, bladder augmentation or femoral-femoral bypass limited by retropubic reservoir placement. After 31 consecutive uncomplicated IPP placements using an LRP technique, we believe our technique offers the same favorable outcomes with additional safeguards compared to retropubic reservoir placement previously described.
There has been prior resistance to LRP because the approach requires a second incision through the fascia, potentially leading to increased operative time and postoperative discomfort. In our experience, the insignificant amount of time spent creating a separate retroperitoneal pocket was warranted and may have potentially spared both time and unnecessary surgical complexity otherwise introduced by attempting to gain retropubic access. Although postoperative pain was not directly measured, postoperative assessments (e.g., narcotic medication use) did not reveal significant postoperative pain warranting aggressive therapeutic intervention or discussion for revision. None of the cases required an additional length of stay in the hospital compared to controls. Subfascial implantation has also raised concern for increased risk of auto-inflation due to proximity to the abdominal musculature. None of the 31 patients with ectopic reservoir location in this series reported an episode of auto-inflation. In fact, although most likely related to pre-existing co-morbidities of the control patients, we describe a decreased frequency of mechanical failure and infections in cases compared to controls.
Ectopic placement of the reservoir beneath the abdominal musculature but above the transversalis fascia has been described. While this approach eliminates a second incision, this technique risks injury to the inferior epigastric vessels, leading to a palpable reservoir in three of eight patients. 9 Subcutaneous reservoir placement has also been described in a patient with morbid obesity.
11 Although many patients often lack sufficient subcutaneous tissue for adequate reservoir burying, they are often poor surgical candidates for this procedure.
Numerous anecdotal solutions to the problems posed by retropubic scarring have been posited. One idea suggests that preoperative distention of the bladder (and subsequent drainage) relieves the bladder wall and adjoining nearby structures from local scarring. It is believed this maneuver creates space that allows the surgeon access to the retropubic area without the potential of injuring the bladder wall. However, this technique does not safeguard the bladder or neighboring structures because the intended space, if created at all, would be limited and perhaps not even applicable to the appropriate surgical anatomy. Moreover, it does not eliminate the requirement of the surgeon to blindly pierce the scarred retropubic space. It has also been suggested that a firm piercing motion with the index finger through the external ring may grant access to a space where safe reservoir placement can be achieved. Similarly, this technique does not eliminate the risk of accidental trauma, nor does it guarantee the appropriate surgical anatomy for appropriate reservoir placement. Both techniques offer less invasive alternatives, though do not offer the similar safeguards and access guaranteed by lateral placement of the reservoir through a separate incision.
Conclusions
The three-piece IPP with LRP can be safely placed in patients who have previously undergone either RP or radical cystoprostatectomy without complications and with favorable outcomes at a median follow-up over 2 years, postoperatively. Patients with post-prostatectomy ED who are candidates for penile prosthesis may be offered the three-piece IPP with lateral placement of the reservoir to avoid potential complications. Additional studies in larger series of patients are warranted.
